Introduction
Neonatal Jaundice is one of the most common neonatal problems. Although up to 60% of term newborns have clinical jaundice in the first week of life, few have significant underlying disease. However hyperbilirubinemia in the neonatal period can be associated with severe illness such as hemolytic disease, metabolic and endocrine disorders, anatomic abnormalities in the liver, and infections [1] .
As red blood cells are lysed, they release hemoglobin. Heme molecules (from hemoglobin) are converted to bilirubin. Bilirubin (unconjugated or indirect) is bound to serum albumin and transferred to the liver where it is conjugated to glucuronate by glucuronyl transferase. Conjugated (direct) bilirubin is excreted into bile. A fraction of bilirubin from the stool is reabsorbed into the blood via the portal circulation (enterohepatic circulation) [1] .
Neonatal hyperbilirubinemia is "the occurrence of elevated bilirubin levels in blood in neonates". It may be physiological or pathological if the concentration of unconjugated bilirubin in the blood is too high, it reaches the blood brain barrier and encephalopathy occurs with serious consequences for the child [2] . Neonatal hyperbilirubinemia (a common transitional phenomenon during the first week of life), is caused by an imbalance between bilirubin production and its elimination [3] .
Early neonatal jaundice (Onset less than 24 h): Haemolytic disease: eg, haemolytic disease of the newborn (rhesus), ABO incompatibility, glucose-6-phosphate dehydrogenase deficiency, spherocytosis. Infection: congenital (eg, toxoplasmosis, rubella, cytomegalovirus (CMV), herpes simplex, syphilis) or postnatal infection [3] .
UGT (Uridine Diphosphate-Glucuronyl transferase) is a cytosolic glycosyltransferase (EC 2.4.1.17) that catalyzes the transfer of the glucuronic acid component of UDP-glucuronic acid to a small hydrophobic molecule. This is a glucuronidation reaction. UGTs are membrane-bound enzymes localized in the endoplasmic reticulum of liver and extrahepatic tissues [4] . UGTs are classified into two families based on their amino acid sequence. Expression of these enzymes occurs in a tissue-specific manner, with many of the proteins expressed in the liver.
UGT1 family consists of a number of UGTs that results from alternate splicing of multiple exon-1 with common exons 2e5, different exon-1 sequences on the locus is associated with 4 downstream common exons which are common to all UGT1A isoforms, UGT1A1 is the only isoform that contributes in a biologically relevant way to bilirubin glucuronidation [5] . Mutations in the UGT1A1 gene are responsible for severe (Crigler-Najjar syndrome) and mild (Gilbert syndrome) forms of hyperbilirubinemia [6] . The reduced glucuronidating activity of these mutated forms contributes to lower bilirubin excretion by the liver.
The TaqMan probe is a single stranded oligonucleotide containing a fluorophore (fluorescent chemical compound that can re-emit light upon light excitation.) and quencher (substance decreases the fluorescence intensity) placed10-30 bases apart. The TaqMan probe is hydrolyzed during the amplification due to the5 0 -3'double-strand-specific exonuclease activity of the Taq polymerase that separates the fluorophore from the quencher, resulting in fluorescence increase. Real time PCR instruments are equipped with fluorescence detectors and software capable of estimating the cycle threshold(Ct), the cycle at which fluorescence is greater than back ground fluorescence [7] . This study hypothesis that UGT1A1 polymorphism may cause neonatal indirect hyperbilirubinemia in exclusively breast-fed infants with weight loss.
Subjects & methods

Subjects
This case control study was conducted on 30 hyperbilirubinemic full term neonates during the period from June 2015 till February 2016. The cases were chosen from patients attending the pediatric department and outpatient clinic of Benha University Hospital. This study was approved by Ethical committee of Benha University.
This group was classified into two subgroups as following: 
Methods
Individuals of the studied 2 groups were subjected to the following: 3 The laboratory investigations included: 2.2.1. Sampling 6 mL of venous blood were withdrawn under aseptic precautions after and distributed as follows: a Three ml of venous blood were withdrawn on EDTA, (1.2 mg/ml) for detection of hemoglobin and reticulocyte-count and the remaining stored ate20 C for subsequent DNA extraction. b Three ml blood were withdrawn for serum separation, after clotting, the sample was centrifuged and the resultant serum was used for measurement of bilirubin level and liver function tests. The PureLinkR Genomic DNA Kits are based on the selective binding of DNA to silica-based membrane in the presence of chaotropic salts. The lysate is prepared from a variety of starting materials such as blood. The cells are digested with Proteinase K at 55 C using an optimized digestion buffer formulation that aids in protein denaturation and enhances Proteinase K activity. Any residual RNA is removed by digestion with RNase A prior to binding samples to the silica membrane.
Laboratory investigations
The lysate is mixed with (ethanol and PureLinkR Genomic Binding Buffer) that allows high DNA binding PureLinkR Spin Column (Mini Kit). The DNA binds to the silica-based membrane in the column and impurities are removed by thorough washing with Wash Buffers. The genomic DNA is then eluted in low salt Elution Buffer. available at https://tools.thermofisher.com/content/sfs/ manuals/purelink_genomic_man.pdf.
DNA Yield: After purification with PureLinkR Genomic DNA Purification Kit, the yield of purified DNA was estimated by UV absorbance at 260 nm.
2 AmplificationbyReal-Time PCR: The isolated genomic DNA was amplified using sets of primers& taqman probes designed to detect the target polymorphism. A reporter dye at its 5'end.
-VIC dye is linked to the 5'end of the allele 1 probe.
-FAM dye is linked to the 5'end of the allele 2 probe.
A miner groove binder (MGB), which increase the melting temperature (T m ) for a given probe length. The presence of the MGB results in greater differences in (T m ) value between matched and mismatched probes. These difference produce more allelic discrimination. A non fluorescent quencher (NFQ) at its 3'end which allows detection of reporter dye contributions with greater sensitivity.
PCR was done in thermal cycler according to the following thermal conditions (Table 1 ).
3 The PCR amplification products were analyzed by thermo-scientific PikoReal PCR software 2 for allelic discrimination. [Cat no. N12076].
The system software records the results of the genotyping run on a scatter plot of Allele 1 (VIC ® dye) versus Allele 2 (FAM™ dye).
Each well of the reaction plate is represented as an individual point on the plot. The clusters in the plot show the three genotypes of one SNP.
Allelic discrimination (AD) analysis
In the allelic discrimination analysis the Cq values of AD standard groups are compared, and samples are classified as belonging to a certain group. PikoReal software groups the samples by calculating the distance between each sample and the average standard values.
Statistical analysis
The collected data were tabulated and analyzed using SPSS version 16 soft ware (Spss Inc, Chicago, ILL Company). Categorical data were presented as number and percentages while quantitative data were expressed as mean ± standard deviation, and range. Chi square test (X2), or Fisher's exact test (FET), odds ratios (ORs) and the corresponding 95% CI were calculated when applicable. Quantitative data were tested for normality using student t-test if normally distributed, or Man Whitney U test, and Spearman's correlation coefficient (rho) if not normally distributed. Binary logistic regression analysis with the adjusted Odds Ratios was used to detect the significant predictors of hyperbilirubinemia. The accepted level of significance in this work was stated at 0.05 (P < 0.05 was considered significant).
Mean: Is the sum of the values in a set of data divided by the number of the values in the set. It is denoted by the sign X (called X bar).
Standard deviation (SD): is the positive square root of the variance.
Chi square test: compares between 2 or more categorical groups (tables 2 Â 2 or more).
Fisher's exact test is used when you have two nominal variables. Fisher's exact test is more accurate than the chi-squared test when the expected numbers are small.
OR (Odds Ratio) is a risk index ¼ odds in exposed/odds in non exposed, it quantifies the risk among study group compared with the control group.95% CI of OR ¼ is the interval within which the investigator is 95% confident that the true population OR lies.
"Z" test ¼ is a test of significance that compares between 2 proportions.
Student "t" test compares between 2 means of 2 independent groups: t-value is the ratio of the difference between the two means/calculated SD of this difference.
rho/Spearman's correlation coefficient: evaluates the linear association between 2 quantitative variables (one is the independent var. X, and the other is the dependent var., Y).
Mann Whitney U test: non parametric test used to compare 2 non parametric quantitive variables.
Results
By comparison between patient and control groups, it was found that, there were no-significant difference between both groups regarding. gestational age, age, sex, mode of delivery and birth weight (P > 0.05). While, there was a statistically high significant decrease in weight at sample collection in patients group (P 0.001). (Table 2 ). There was a statistically high significant increase in indirect serum bilirubin level in patient group (16.7 ± 3.72 vs 5.18 ± 1.02) mg/dl.
Group I (A): Included 22 patients (7 females and 15 males), with maximal body weight loss less than 10%.
Group I (B): Included 8 patients (3 females and 5 males), with maximal body weight loss 10% or more.
There was non-significant difference regarding birth weight (P > 0.05).
While there was a statistically significant decrease in weight at sample collection in subgroup I(B) (P < 0.05). Also there was a statistically high significant increase in weight loss percent in subgroup I (B) (P 0.001) ( Table 2) . By comparing subgroup I(A) and subgroup I (B), there was a statistically significant increase in indirect serum bilirubin level in subgroup I (B) (17.9 ± 3.32 vs 14.1 ± 3.98) mg/dl (Table 2) .
By comparing patient and control groups, it was found that, there was a statistically significant difference as regard to genotype frequency [G/G, G/A, A/A] (P < 0.05), and allele frequency (A,G) P ¼ 0.011 (Table 3 ) and (Fig. 1) .
By comparing genotype groups (G/G, G/A, A/A), it was found that there was non-significant difference as regard to gestational age, age, sex, birth weight and mode of delivery (P > 0.05), there was a statistically significant increase in total bilirubin level in G/A e A/A genotypes (P < 0.05) ( Table 4 ). There was a statistically significant decrease in weight at sample collection in G/A, A/A genotypes (P < 0.05). Also there was a statistically high significant increase in weight loss percent in G/A (P 0.001) ( Table 4) .
There was a statistically high significant difference regarding genotype frequency (G/G. G/A. A/A). (P < 0.001) and allele frequency (G, A) (P < 0.05) ( Table 5) . By comparing control subgroups, there was non-significant difference regarding genotype frequency (Table 6) . A multiple stepwise regression analysis was done using hyperbilirubinemia as a dependent factor and body weight loss, genotype (G/A) and allele as independent factors. Body weight loss, genotype (G/A) and allele (A) was found to be a significant independent predictors for hyperbilirubinemia. (Table 7) .
Discussion
Due to the disparity of results among different neonates we aimed at studying such association in Egyptian neonates having indirect hyperbilirubinemia. The study was designed to clarify the association of UGT1A1 polymorphism and neonatal hyperbilirubinemia in breast fed Egyptian neonates. All neonates were subjected to full history taking and clinical examination. Total & indirect serum bilirubin was assessed in all neonates, and then all samples were genotyped for the UGT1A1 polymorphism using taqMan genotyping technique.
In the present study, the groups were well matched for various demographic features. there, these results were in agreement with Hiroko et al. [9] , who reported that there was no statistically NVD: Normal vaginal delivery, C.S: Caserean section. NS: Non significant, X 2 ¼ Chisquare, SD ¼ standard deviation, t ¼ student-t-test, P > 0.05 ¼ non-significant, P < 0.001 ¼ very highly significant.
significant difference between the studied groups regarding body weight and age at time of sample collection. Also these results were in accordance with a study done by Hung et al. [10] . While Hui et al. [11] , reported that the age at time of sample collection and body weight at birth showed a statistically significant difference between the studied groups this could be due to difference in number of studied populations.
In the present study there were no statistically significant difference between the studied groups regarding gender (sex) and gestational age, while Hiroko et al. [9] , reported that neonates with shorter gestational age were risk predictors of development of neonatal hyperbilirubinemia. These results were in agreement with Hung et al. [10] and Melih et al. [12] reported that there was no significant difference between the studied groups regarding gender and gestational age.
The present study showed that maximal body weight loss was significantly higher in subgroup (B) cases especially in cases with the G/A and A/A genotype compared to those carrying the G/G genotype, so it is considered a significant risk factor and a significant independent predictor for the development of hyperbilirubinemia. These results were in agreement with Chang et al. [13] and Hiroko et al. [9] , who reported that maximal body weight loss was an independent risk factor for the development of neonatal indirect hyperbilirubinemia.
It has been suggested that body weight loss due to inadequate feeding of breast fed neonates which may increase intestinal absorption impair hepatic conjugation and/or excretion of bilirubin because of energy deficiency and causes hyperbilirubinemia.
The present study showed that neonates in group (B) had a significantly higher peak transcutaneous bilirubin levels especially those with G/A, A/A genotypes. These results were in accordance with a study done by Youyou et al. [14] , who reported that there was association between 211 G/A genotype, which is a risk factor for neonatal hyperbilirubinemia and higher serum indirect bilirubin level.
Also these results were in agreement with Hiroko et al. [9] , who reported that peak bilirubin levels were significantly higher in cases who carrying G/A genotype compared to others carrying G/G or A/A genotype.
The present study showed that there was statistically significant differences between the studied groups regarding genotype frequency (G/G, G/A, A/A) these results were in agreement with Hiroko et al. [9] and Zibi et al. [15] who reported that there were statistically significant difference in the genotype frequencies of UGT1A1 between patient groups.
The present study showed that there was statistically significant difference between the studied groups regarding allele frequency (G/A). These were in agreement with Zibi et al. [15] who reported that there were significant differences between G allele and A allele.
The present study showed that incidence of hyperbilirubinemia was statistically significant in subgroup (B) is especially with those who carrying GA, A/A genotypes than carrying G/G genotypes these results were in agreement with Hiroko et al. [9] who reported that the incidence of hyperbilirubinemia was significantly higher in group (B) neonates with heterozygous UGT1A1-211G > A genotype, this discrepancy may be due to different technique used.
In the present study, multiple stepwise regression analysis was done by using hyperbilirubinemia as dependent factors and body weight loss, genotype (G/A) and allele (A) as independent factor and body weight loss, genotype (G/A), allele (A) was found to be significant independent predictors for hyperbilirubinemia.
These results were in agreement with Hiroko et al. [9] who reported that maximal body weight loss is the only independent risk factor for the development of hyperbilirubinemia and UGT1A1 polymorphism become risk factor in neonates showing 10% or more body weight loss during the neonatal period (only in infants with inadequate feeding).
Also these results were in accordance with Zibi et al. [15] who reported that the A allele was found to be associated with a risk of hyperbilirubinemia. Based on these results, it could be reasonable to speculate that neonates with body weight loss 10% or more, Aallele compared to neonate with body weight loss less than 10%, G. allele, may have an increased risk for developing hyperbilirubinemia.
Inadequate feeding may increase the bilirubin burden and cause apparent hyperbilirubinemia in neonates, who have a polymorphic change in the genes involved in the transport of bilirubin.
The results presented here need to be confirmed by using larger groups and other related genes, also only long follow up study would be necessary to confirm the association between this polymorphism and hyperbilirubinemia.
Conclusion
This study suggests that UGT 1A1 polymorphism can be used as a novel method to detect susceptibility to indirect hyperbilirubinemia in Egyptians exclusively breast fed neonates with weight loss >10% or more and can help for early manage newborns with hyperbilirubinaemia.
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